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 1. Dissertation Title (If in English, add the Japanese translation.) 
        Advance in Tissue Engineering and Regenerative Medicine through                                       
                Utilization of Electrospun Nanofibers                                       
 （組織工学および再生医療における電界紡糸ナノファイバーの応用）                                        
 
 2. Abstract (Roughly 2,000 Japanese characters or 800 English words) 
      The advances in science and technology help us defeat numerous types of 
diseases, and the emerging solutions that are novel and profound still continue to aid 
us overcome number of human health related issues. One of outstanding tools in 
tissue engineering and regenerative medicine is stem cells that have become a 
standard curative option for different diseases; it even has a potential for treating 
Alzheimer’s disease, Autism, Cancer, HIV/AIDS, Parkinson’s disease, and others. 
For instance, Hematopoietic Stem/Progenitor Cells (HSPCs) are already used for 
treating hematological conditions including multiple myeloma, lymphoma, sickle cell 
anemia, etc. However, this treatment method has several drawbacks such as scarcity 
of the donor and low yield of the cells from single donor, not convenient cell 
expansion procedure with low yield, cryopreservation and cell banking, these 
problems could be eliminated through appropriate approach.                                         
      Therefore, in order to improve these aspects of the method, enhance the 
treatment outcome, and to find a suitable approach for the cryopreservation and cell 
banking, this dissertation proposed a utilization of nanofiber scaffolds. The intention 
of using nanofiber scaffolds in this dissertation was associated with their large surface 
area, high aspect ratio of nanofibers, tunable surface morphologies, flexible surface 
functionality, and superior mechanical performance, which can serve as an useful tool 
for understanding the underlying mechanisms behind cell-extracellular matrix 
interaction or cell-biomaterial interaction, allowing easier manipulation of              
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cell-biomaterial composites for the investigation of nanofiber scaffolds potential in 
expansion and differentiation of stem cells and cryopreservation studies of adherent 
cells. Taking advantage of unique physical properties of nanofiber scaffolds in this 
dissertation, they were also used as a drug delivery system with dual-function.                                   
    In this context, this dissertation consists of four chapters, and Chapter 1 
describes a general background of the research.                        
    In Chapter 2, construction of a 3D hematopoietic niche for the coculture of 
HSPCs and osteoinduced mesenchymal stem cells via geometry of the niche was 
described. With a purpose of expanding the clinically important HSPCs in large 
numbers, nanofiber scaffolds with transversely isotropic and anisotropic were 
fabricated and were seeded with feeder cells, MCSs. The 3D niche was formed by 
stacking together three layers of MCSs seeded nanofiber scaffolds. The proliferation 
activity, retention of CD34
+
CD38
−
 immunophenotype, and multipotency of the 
HSPCs in artificial hematopoietic niche were analyzed by FACS and colony-forming 
unit assay. The results showed that the biohybrid 3D hematopoietic niche has a 
capacity to support self-renewal of HSPCs maintaining their primitive phenotype and 
accommodating a large number of expanded cells. The anisotropic properties of the 
artificial niche served as a physical cue that controlled chemical signals to facilitate 
successful in vitro expansion and retention of HSPCs potential to differentiate into 
various lineages.                                     
    Chapter 3 described the cryopreservation of the ready-made cell-biomaterial 
composites that are essential in modern tissue engineering and regenerative medicine. 
In this chapter, in order to determine the effect of cell-material interaction on the 
post-thaw survival of the adherent cells, different substrates with distinctive chemical 
and physical properties were fabricated and tested. Cell-material interactions were 
studied using substrates with nano- and microtopographical roughnesses, and the 
substrates rigidity was controlled through utilization of polymers with profoundly 
different glass transition temperatures. The results showed that distinctive in their 
physical and chemical properties electrospun fiber scaffolds and films, that can help to 
understand factors that influence the successful cryopreservation of adherent cells, 
were successfully obtained. The cryopreservation study results showed that substrate 
surface tension does not affect post-thaw survival of the cells, however, the nanoscale 
topographical roughness can significantly enhanced the focal adhesion formation and 
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maturation, which consequently led to a better cell recovery after freezing and 
thawing processes. These results suggest that generation of nanoscale surface 
roughness on any biomaterial can significantly improve cryopreservation outcome of 
cell-biomaterial composites.                                                                     
    Chapter 4 focused on the development of a single solution for prevention of 
postoperative complications and recurrence of highly metastatic gastrointestinal tract 
cancers. This chapter demonstrated the preparation and characterization of Taiwanin A 
incorporated polyurethane fiber sheets with excellent mechanical properties and 
sustained drug release. The obtained sheets with elastic modulus of 8 MPa and 
ultimate tensile strength of 30 MPa can provide support on surgical staple line 
preventing leakage at anastomosis, which is one of the main causes of cancer 
recurrence. A slight burst release of the drug within 7 days (15%) and further 
sustained release can inhibit proliferation and migration of remaining cancer cells and 
maintain locoregional high drug concentration to prevent recurrence of the disease. 
High elasticity of the material can promote healing process without impeding natural 
peristalsis movement of gastrointestinal organs.                                                             
    This dissertation demonstrated versatile applications of electrospun fiber 
scaffolds and their unique properties. The expansion of HSPCs using biohybrid 3D 
hematopoietic niche can be a promising method for mass production of high quality 
HSPCs that can fulfill the huge demand of HSPCs and help in the establishment of 
different adherent cell banks. Finally, developed drug incorporated electrospun fiber 
sheets can be a useful tool for prevention of cancer recurrences after curative section 
providing longer life expectancy for cancer patients.                                                                         
                                                                                       
                                         
                                          
                                           
                                          
                                          
                                            
                                          
                                           
                                             
 
